Introduction
Propolis, collected by honey bees from botanical sources, is used as a sealant in the hive. It is a potent anitibacterial, antiviral and antifungal agent (OTA et al. 2001 , SANTOS et al. 2002 , SAWAYA et al. 2002 with antioxidant (CASTALDO and CAPASSO 2002 , BURDOCK 1998 , NAGAI et al. 2003 , liverprotecting (BANSKOTA et al. 2001 ), anti-inflammatory (WANG et al. 1993 ) and anti-cancer properties (BANSKOTA et al. 2002) . Due to its highly variable chemical composition, propolis does not support the development of antibiotic resistance among pathogenic bacteria (KĘDZIA and HOŁDERNA-KĘDZIA 1996) . According to some authors (BIAVATTI et al. 2003 , DENLI et al. 2005 , propolis may be an effective natural alternative to antibiotic growth promoters in poultry. This is an important consideration, since the use of antimicrobial growth promoters (AGPs) in animal feed was banned in the European Union on 1 January 2006.
Propolis stimulates the body's immune system and thus it may improve the growth performance and health status of chickens and laying hens (by reducing mortality rates and improving feed conversion), carcass value and meat quality characteristics as well as the welfare of birds (BIAVATTI et al. 2003 , BONOMI et al. 2002 , LETIN et al. 2010 , DENLI et al. 2005 , LI and ZHANG 2002 , ROODSARI et al. 2004 , ZENG et al. 2004 . Propolis has been shown to stimulate lymphocyte proliferation and antibody production after immunization. Depending on the dose and time of administration, propolis components may enhance T lymphocyte conversion. As demonstrated by CHEN et al. (1999) and HU et al. (1998) , propolis extracts boost immune system development and stimulate the activity of T and B lymphocytes in broiler chickens. In a study by ROODSARI et al. (2004) , chickens fed 250 mg propolis per kg feed were characterized by significantly higher body weights and lower feed intake per kg body weight gain, compared with birds that received diets without propolis supplements. In an experiment performed by ZENG et al. (2004) , a combination of flower pollen and propolis at a ratio of 2.5:1, used as a feed additive, increased the body weights of chickens by nearly 10% in comparison with the control group. LI and ZHANG (2002) reported that supplementing diets for broiler chickens with 2.5% propolis contributed to higher weight gains and higher feed efficiency, thus increasing production profitability by almost 10%. DENLI et al. (2005) reported that the addition of 0.5 to 1.5 g propolis per kg feed resulted in a significant increase in the body weights of quails, higher feed efficiency and an increase in the serum levels of HDL cholesterol. BONOMI et al. (2002) demonstrated a beneficial influence of propolis on the growth performance of ducks (including higher body weights and daily gains, and higher feed efficiency), carcass dressing percentage, carcass lean content, meat tenderness and digestibility. An increase in the carcass dressing percentage of broiler chickens due to dietary propolis supplementation was also observed by KLE-CZEK et al. (2007) .
Previous research into the use of propolis as a substitute for AGPs has yielded promising results. Therefore, the aim of this study was to determine the effect of diet supplementation with standardized propolis on the growth performance and carcass value of broiler chickens.
Material and Methods
The experimental materials comprised 400 Ross 308 chickens, divided into four groups of males and females, with two replicates of 25 birds per pen in total). All birds were kept under identical housing conditions. The birds were fed ad libitum starter, grower and finisher diets, from day 1 to 14, from day 15 to 28 and from day 29 to 42, respectively (Table 1) . Chickens transported from the hatchery were assigned to two control and two experimental groups, as follows: a negative control group (I) -a diet without additives, a positive control group (II) -a diet supplemented with a combination of the antibiotic growth promoter flavomycin at 10 mg kg -1 feed and the coccidiostat robenidine at 500 mg kg -1 starter and grower feed, and two experimental groups -diets supplemented with chemically standardized propolis (imported from Brazil) at 10 mg kg -1 feed in group III and 50 mg kg -1 feed in group IV. Feed composition, as provided by the manufacturer, in given in Table 1 . Due to its heterogeneous chemical composition, propolis used as a dietary supplement undergoes microbiological and/or chemical standardization. The propolis used in this experiment was chemically standardized to determine its concentrations of flavonoids expressed as galangin. The biological activity and medicinal properties of propolis are largely determined by galangin and pinocembrin content (KĘDZIA and HOŁDERNA-KĘDZIA 1996) . Propolis dry extract standardized to contain 12% galangin, in powder form, was mixed with dry feed. Diet supplementation with propolis at 50 mg kg -1 did not significantly increase feed cost per chicken.
The body weights of chickens were determined once a week, and feed intake, mortality and culling rates were monitored regularly. At the end of the experiment, on day 42, 12 chickens (6 and 6 ) were selected from each group for slaughter and carcass quality analysis, by stratified sampling (the birds were arranged in ascending order). Following 12-hour feed restriction, the birds were weighed, sacrificed by cervical dislocation, bled, plucked and eviscerated. The gastrointestinal tract, lungs, trachea, heart, abdominal fat and crop were removed. The heads and feet were cut off (between the occipital condyle and the atlas, and at the carpal joint, respectively). Carcasses were chilled at +4 o C for 12 hours, they were weighed and divided into the following parts:
1. Neck -along the line connecting the cephalad borders of the coracoids. 2. Wings -at the shoulder joints. 3. Legs -at the hip joints (from the process of the pubis through the groin towards the back, along the vertebral column, starting from the anterior border of the pelvis), the thigh was separated from the drumstick by cutting through the stifle joint.
4. Breast portion -cutting through the cartilaginous adhesions of the ribs, from the lower border of the sternum to the coracoids.
5. Back and loin -the remaining part of the carcass. The above carcass parts were weighed and dissected into lean meat, bones, skin (including subcutaneous fat), and intermuscular fat. The superficial and deep breast muscles (Pectoralis major, Pectoralis minor) were separated by cutting along the sternal crest, clavicle and coracoids, and along the line of the attachment of these muscles to the ribs. Tissue components were weighed accurate to 0.1 g. In this study, the term lean meat weight refers to the weight of muscle tissue without intermuscular fat which was separated during carcass dissection. The weight of fat and skin comprises abdominal fat (surrounding the abdominal organs), intermuscular fat and skin including a subcutaneous fat layer which are difficult to separate in poultry. The weight of bones is the weight of all osseous elements in the carcass separated by dissection.
The European Broiler Index (EBI) and the European Production Efficiency Factor (EPEF) were calculated as follows: EBI and EPEF are calculated to assess efficiency in broiler production. Differences in the calculated values of the indices are due to the fact that EPEF relies on the survival rates of chickens and feed intake per kg body weight gain, and EBI -on the initial number of chickens, their final body weights and total feed intake.
Carcass value was calculated as the ratio between carcass weight including giblets and the live weight of chickens.
Statistical analysis included: -statistical characteristics of the analyzed traits -arithmetic means and coefficients of variation (CV);
-the significance of differences between means in dietary treatments and sex groups (two-way ANOVA, dietary treatments x sex, i.e. 4 x 2, F test F, StatSoft, 2008) . Data presented in Table 2 (feed intake, mortality/survival rates, EBI and EPEF ) were analyzed by ANOVA with two elements per subgroup (mean values per pen) (RUSZCZYC 1978). Means followed by capital letters or ** are significantly different at α = 0.01, means followed by small letters or * are significantly different at α = 0.05
Results and Discussion
The body weights of day-old broilers were comparable (approximately 43 g) in all groups (Table 3) . At 1 week of age, chickens fed propolis-supplemented diets (groups III and IV) were significantly lighter than control group (I) birds fed a diet without propolis and AGP. From week 2 to the end of the experiment, the body weights of chickens did not differ significantly (Table 3) . A significant difference in the body weights of males and females was observed from week 3 (887.4 g and 859.4 g ) until the end of the experiment (2921.1 g and 2479.8 g respectively, Table 3 ). A statistical analysis revealed no feeding x sex interaction for body weight and other traits of chickens, discussed later. Our results corroborate the findings of ROODSARI et al. (2004), and SHALMANY and SHIVAZAD (2006) , who demonstrated that the body weights of chickens fed a diet supplemented with 50 mg propolis per kg of feed were comparable with the body weights of chickens fed a diet without the supplement, whereas the body weights of birds fed 250 mg propolis increased significantly, compared with the control group. ZENG et al. (2004) also noted an increase (by almost 10%) in the body weights of broilers given a combination of flower pollen and propolis (at a 2.5:1 ratio), in comparison with the control group. Quails that received propolis at 0.5 to 1.5 g kg -1 feed had significantly higher body weights than those fed a non-supplemented diet, and similar to the body weights of birds given an antibiotic-supplemented diet (DENLI et al. 2005) . Table 2 ). The lowest feed intake per kg lean meat was noted in chickens fed a diet with 50 mg propolis/kg feed (group IV -3.457 kg), and the highestin broilers fed a diet with 10 mg propolis/kg feed (group III -3.611 kg). Feed intake per kg body weight, carcass weight and lean meat weight was significantly higher in females than in males (Table 2 ). In a study by ROODSARI et al. (2004) , chickens fed 250 mg propolis per kg feed were characterized by significantly lower feed intake per kg body weight gain than birds that received no propolis supplements, whereas lower propolis doses had no effect on feed conversion. Similar results were reported by SHALMANY and SHIVAZAD (2006) who found that only higher propolis doses (200-250 mg kg -1 feed) improved feed efficiency. High dietary inclusion levels of propolis (0.5-1.5 g kg -1 feed) contributed to better feed conversion in Japanese quails, compared with birds fed a control diet and a flavomycin-supplemented diet (DENLI et al. 2005) .
Mortality [number of birds and %] and survival [%] rates were similar in all dietary treatments, and in males and females (Table 2 ). An absence of significant differences in mortality rates, culling rates and feed conversion between groups could result from too low inclusion levels of propolis (10 and 50 mg kg -1 ), which corroborates the research findings cited above. Production efficiency was assessed using EBI and EPEF. EBI values were insignificantly higher than EPEF values (Table 2 ). EBI reached the highest level of 369 points in control group II (a diet with AGP), and the lowest values of this index were noted in experimental groups fed propolis-supplemented diets (group III -344 points, group IV -348 points). Similar EBI values in broiler chickens fed ad libitum and subjected to quantitative feed restriction were reported by Wawro et al. (2004) . EPEF also reached the highest level (355 points) in group II, but the values of this index noted in the other groups were only 7-9 points lower ( Table 2) . The above findings are only partially consistent with those of LI and ZHANG (2002) who reported that supplementing diets for broiler chickens with 2.5% propolis contributed to higher weight gains and higher feed efficiency, thus increasing production effectiveness by 9.7%, in comparison with birds that received no dietary propolis supplementation. Table 4 presents carcass weight [g] and the weight and percentage content of primal cuts in the carcass. The weight of carcass and selected carcass parts (neck, breast, legs) tended to increase in chickens fed propolis. DENLI et al. (2005) observed a considerable increase in carcass weight in quails fed a propolis-supplemented diet (1-1.5 g kg -1 feed), compared with those fed a diet containing no additives. The percentage content of legs in the carcass was higher in broilers fed a diet without supplements and propolis-supplemented diets (33.49%, 32.50% and 33.04% in groups 1, 3 and 4, respectively), and significantly lower in chickens fed a diet with AGP (32.14%). The proportions of the other primal cuts in total carcass weight were comparable in all groups. Means followed by capital letters or ** are significantly different at α = 0.01, means followed by small letters or * are significantly different at α = 0.05
The differences in the body weights of males and females led to significant differences in the weight of carcass and carcass parts, which were higher in males than in females (Table 4) . Females, compared with males, were characterized by higher breast weight and lower leg weight (38.80% vs. 37.55% and 31.99% vs. 33.59%, respectively).
Carcass dissection showed that dietary treatments had no effect on the weight of lean meat, skin with fat, bones and giblets (Table 5 ). However, chickens fed propolis-supplemented diets tended to have higher weight of lean meat, bones and giblets and lower weight of skin with fat. Such a trend was also noted with respect to the percentage content of the analyzed carcass parts in total carcass weight (Table 5) . DENLI et al. (2005) demonstrated that dietary propolis supplementation had no effect on the weight of abdominal fat and giblets in quails.
The effect of dietary propolis... Means followed by ** and * are significantly different at α = 0.01 and α = 0.05, respectively
Carcass dressing percentage was comparable in all groups, ranging from 76.21% (group I) to 77.39% (group IV, Table 5 ). Dietary treatments had no effect on the meat to fat ratio and the meat to bone ratio (Table 5) . Similar results were obtained by DENLI et al. (2005) in an experiment on quails. BONOMI et al. (2002) noted a significant increase in carcass muscle content and dressing percentage in ducks fed a diet supplemented with 40 ppm propolis, compared with birds that received 20 ppm propolis. In a study by KLECZEK et al. (2007) , broiler chickens fed a propolis-supplemented diet were characterized by a significantly higher carcass dressing percentage, in comparison with birds fed a non-supplemented diet.
The weight of lean meat, bones and giblets was highly significantly higher in males than in females (Table 5 ). The weight of skin with fat was similar in males and females, at approximately 300 g. Carcass lean content was only 0.75% higher in males than in females. Females, compared with males, had a higher carcass fat content (16.73% vs. 15.21%). Carcass bone content was significantly higher in males than in females. The percentage content of giblets in the carcass oscillated around 4.00% in both males and females. The meat to fat ratio was more desirable in males than in females (4.54:1 vs. 4.14:1), whereas the meat to bone ratio was highly significantly higher in females than in males (5.63:1 vs. 5.30:1, Table 5 ).
There were no significant differences between groups in the weight and percentage content of lean meat, muscles, skin with fat and bones in the breast (Table 6 ). However, breast composition was more desirable (higher muscle content, lower fat content) in chickens fed 50 mg propolis per kg feed, compared with the other groups. Also in a study by KLECZEK et al. (2007) , broilers fed diets supplemented with propolis had the highest proportion of breast muscles in the carcass. Means followed by ** and * are significantly different at α = 0.01 and α = 0.05, respectively
The weight [g] and percentage content of tissue components in the legs are presented in Table 7 . The weight of lean meat, skin with fat and bones in the legs was not significantly affected by the diet, and the percentage content of the above components in total leg weight varied between groups. The legs of chickens fed 50 mg propolis had a significantly higher muscle content and a lower fat content, compared with the legs of birds fed a diet with AGP (72.65% vs. 68.68% and 14.68% and 18.12%, respectively). The weight of lean
The effect of dietary propolis... meat and bones in the legs was significantly higher in males than in females (Table 7 ). The percentage content of skin with fat in the legs was considerably higher in females than in males (17.49% vs. 15.05%). The lean meat content of the legs was comparable in males and females (approximately 71%), and the bone content of the legs was significantly higher in males than in females (Table 7) . Means followed by capital letters or ** are significantly different at α = 0.01, means followed by small letters or * are significantly different at α = 0.05
Conclusions
The results of this study indicate that the growth performance of broilers fed a diet supplemented with 50 mg propolis was comparable to the growth performance of chickens fed a diet with AGP and slightly better than that of birds that received a non-supplemented diet. Contrary to expectations, propolis had no significant beneficial influence on the body weights and carcass dressing percentage of chickens, which could result from too low doses of the supplement. Since there is a scarcity of published research on dietary propolis supplementation in poultry, the present study may pave the way for further investigations involving higher dietary inclusion levels of propolis, at 100-500 mg kg -1 feed.
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